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75w kMRS, NETZSCH LFA Systems NETZSCH

LFA 467 HyperFlash®
-100 to 500°C

LFA 427
-70 to 2800°C

LFA 467 HT HyperFlash® ' E}
RT to 1250°C 1

\t
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LFA 457 MicroFlash®
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NETZSCH Xenon Flash Analyzer LFA467 (HT) HyperFlash®
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B Measurement condition

Voltage : 270V

Pulse width : 20 ys

Measurement- : Air

atmosphere

Analysis model : Cowan + pulse correction
Pretreatment : Au + Black coating
Sample name : Diamond

Thickness : 1.13 mmt

Half time : 0.38 us

Thermal diffusivity
[mMm2/s]SZE(E

799+ 7.71
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SEIE DRI RAE
ERMZEH - Kaptone. KA S K7 ¢ NEIZSCH

B Measurement condition
Voltage - 150V
Pulse width : 80 us

Measurement- : Air g2z
B R AL T LALS

atmosphere (12.7 mm,25.4 mm)

Analysis model : Cowan + pulse correction

Pretreatment : Au + Black coating

Thermal diffusivity
[mm?/s]
1 0.106 £ 0.000
2 0.108 £ 0.000
3 0.105 £ 0.000
Ave. 0.106 = 0.002
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LFA 467 HyperFlashl— & 2 & &M D

EHAIERSF

NETZSCH

X ISR IGILIZEDVWTXXHENSEH L-BEIETY,

N LFA 467 LFA 457
1845 4 42 NF "-Mff\jﬁ?g E# TR |E 738 7E PR 5+
[mm?/s] [mm] [mm]
(7NJLRIE = 20 us) (/NJLABE=0.3ms)
FILSZ=H L Al 97.9 0.27 1.03
4% Si 90.1 0.25 0.99
FR Ti 14.0 0.10 0.39
£ Fe 21.7 0.12 0.48
=)L Ni 22.9 0.13 0.50
£h Cu 118.0 0.29 1.13
1l = B S .
i Zn 43.3 0.18 0.68
EYITY Mo 54.0 0.20 0.76
R Ag 174.0 0.35 1.37
BT AT w 68.5 0.22 0.86
=ka Pt 25.1 0.13 0.52
£ Au 127.2 0.30 1.17
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‘. ‘ . MEME | EATRE  EANERS
BE | HHE aTt RS Tmml | [mm]
mm
(7NJLR1iE = 20 us) (/NJLRAE=0.3ms)
TILEF Al,O3 7.91-12.85 0.07 - 0.09 0.29- 0.37
******** 4y kU7 | Y0,  207-311 003- 004 | 014- 018
******** ULazy | z0,  078-157  0.02- 003 | 009- 013 |
****** —Eis 4% S0,  05-501 00l- 006 | 007- 023
******** Bty (% | SC | 472-1652 | 018- 034 | 071- 133
T T IR
RIEZRVTRTY | WC 14.21 - 28.43 0.1- 0.14 0.39- 0.55
******** #iko% | BN | 362-1268 | 005- 009 | 010- 037 |
******** 2ty 4% | SuNs  622-1038 | 006- 008 | 025- 033 |
******** #iF4> | TN | 7.14-941 | 007- 008 | 027- 031 |
******** Z7L: | AN | 3024-12313 | 014- 029 057- 115 |

=]

RELP RSB R L ERER~ | Analyzing & Testing | June 2018

31



SEIED R R AT
£ EEVERBEFMET B2 NETZSCH

———————————————————————————————————————————————————————————

TCHERBNH2S70A—4—0)
ABNBMEIFTEG110?

o ——————— - —
i

~—————————————————————————————————.~ ——————
-~
-~
-~
-~
-~
-~
-
-~
-~
-~
-
-~

BB R BB~ MR B 3R - BV EREE~ | Analyzing & Testing | June 2018 32



SEIED R R AT
£ EEVERBEFMET B2 NETZSCH

229 RIS E 1T B EAHE B {4 5 ] O B 7 SR B
d2
BVLEEERE T = —

a
100 102 104 106 108 10-10 1012 [sec]

%

Conventional LFA:10s...50ms

—) | FA 447 NanoFlash:100s...5 ms
M LFA 467 HyperFlash:100s...500 ps
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Pulsed Light Thermoreflectance NETZSCH

T Heat diffusion time

' 1 l 42 Thickness
- b :K_f Thermal

Pump pulse diffusivity

[/

t

2psH

Probe pulse

Film Substrate

Reflectivity from a surface changes with its temperature. Changes in front
face temperature can be followed by the changes of reflected light amplitude.
This measurement method is called thermoreflectance.

34
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Product Lineup NETZSCH

- Model : NanoTR — Nanosecond pulsed thermoreflectance: Pulse width 1ns
TR —Picosecond pulsed thermoreflectance:Pulse width 0.5ns
- Measurements : Thermal diffusivity, effusivity and conductivity,
interfacial thermal resistance
- Thin film : Metal, Ceramics, Organic films, etc.
- Substrate : Transparent / Opaque (10x10-20x20 mm, 1mmt or less)
- Temperature : NanoTR (RT~500°C), PicoTR (-100~500°C),

NanoTR

35
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Specification of NanoTR / PicoTR NETZSCH

Thermophysical Analysis of Thin Films, including Multilayer Structures
NanoTR and PicoTR can measure the thermal diffusivity,
thermal effusivity and conductivity of thin films and the interfacial
thermal resistance between thin films of multi-layer films.

High-speed Measurement NanoTR
NanoTR’s state-of-the-art
signal processing enables
high speed measurements. Ceramics : 300nm—5um

Metal :1pm—20um

Both RF and FE Organic :30nm—2um etc.

Enables measurement PicoTR

of a wide variety Metal :100nm—900nm
of samples.

Ceramics : 10nm—300nm

Organic :10nm—100nm etc.

36
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Film Configurations NETZSCH

Rear heating / Front detection Front heating / Front detection

Thickness of film : 20nm~10um Thickness of film : 100nm~
Requires measured thickness

Probe laser Pump laser

Specular surface

/ \ B Probe laser

Metal fil Measured object —__| Metal film
— Mo, Al, Pt, etc.
100nm
unsuitable :
Pump laser CuAuAg
Opaque substrate

Transparent substrate or single-sided optical

or double-sided optical polished silicon

polished silicon substrate substrate
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Why is it necessary to measure thin film? NEIZS[H

Thermal diffusivity of “thin films” differ from that of “bulk materials”.

- 6
&

S
=

=

e} . Mo bulk :
=) 5.4%X10°m?s?
2 l

z a

= |

= a

'T'B |

E 1. !

o - | Mean free path of free

ﬁ o . i electrons :15 nm (at 300 K)

0 10 20 30 40 50

Grain size, nm

N. Taketoshi, T. Yagi and T. Baba, Jpn. J. Appl. Phys. 48, (2009), 05EC01
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Oxides/Electrode Interface of ReRAM NETZS[H

@ Is the joule heating influenced the operation of ReRAM
(Resistance Random Access Memory) ?

Observation thermal diffusivity and Interfacial
Probe laser thermal resistance of three layers ( electrode /
oxide / electrode ) which is formed by

Electrode i
__ Oxide film Magnetron sputtering
- B Configuration layers
i Pt100nm,” Ta0, (3%)10~40nm,” Pt100nm
Quartz Pump laser Pt100nm.TaO, (5%)10~40nm,/Pt100nm
substrate
Rear heating / Front detection 39

Provided by Akinaga and Shima, AIST

2

B8
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Oxides/Electrode Interface of ReRAM NETZSCH

® Temperature rise curve of 3% oxide

TaOx_3p
1.2
1.0
g 0.8
2
n
L o) 0.6 1
o)
N
T 041
&
p—
§ 0.2 1 — TaO3p_10nm
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0.0 Ak TaO3p_40nm
-0.2 T T T T T
0.0 1.0e-8 2.0e-8 3.0e-8 4.0e-8

Time /s

Provided by Akinaga and Shima, AIST

Areal heat diffusion time / s

@ Relationship between thickness
and aerial heat diffusion time

1.0e-8

8.0e-9

6.0e-9 A

4.0e-9

2.0e-9 A

— Fitted

0.0
0.0

1.0e-8 2.0e-8 3.0e-8 4.0e-8 5.0e-8

Thickness of film / m

40
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Oxides/Electrode Interface of ReRAM

NETZSCH

12

1.0 4

Normalized signal

-0.2

0.8 A

0.6 1

0.4 1

0.2 1

® Temperature rise curve of 5% oxide

TaOx_5p

—— TaO5p_10nm

——— TaO5p_20nm

0.0 Sl TaO5p_40nm

0.0 1.0e-8 2.0e-8 3.0e-8 4.0e-8
Time/s

Provided by Akinaga and Shima, AIST

Areal heat diffusion time / s

® Relationship between thickness
and aerial heat diffusion time

1.0e-8

8.0e-9

6.0e-9

4.0e-9

2.0e-9 A

0.0

0.0
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Thickness of film / m
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Oxides/Electrode Interface of ReRAM

NETZSCH

® Measurement results
— Thermal diffusivity
— Thermal conductivity
— Interfacial thermal resistance of layers

Thermal diffusivity ~ Thermal conductivity

Interfacial thermal

2 resistance
TaOy (3%) 9.97 x 10 1.80 1.15x 108
TaOy (5%) 8.15x 107 1.47 9.23x10°

Provided by Akinaga and Shima, AIST

42
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NETZSCH

4. AMORENE (EE€FaA—F)
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FENEDHY

NETZSCH

IR detector

444

Xenon Flash
or
Laser Flash

L || |

m AERETE, BEAMICE
INLRAFEIFSERBEORE (x=0)THE L TR,
FOMRBREBFIEIETX=d) TOEREZBRHT S

W AR5

INLAFEZERIRL TR K
INLRASED M DEBZES

W R 2R
FRNERDBPANREZTOHD
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BILMEN IR EAE RIS S
N—7 8 A LASELEH NEISLH

130

125 -

120
1

a1

e e e
o K
G O

ENHLERER [ mm2/s
o
o

o
(6]

= YRS FHE.. 57
o
Y, ' _=== '.- __________________
o R MDXAERE : 117 mm/s
-18.1 %
v e ® Thinly
® Uniformly
0 0.5 1 1.5 2 2.5
A EA [ mm
e e 2N & LR
"it[ﬁjrf]‘ﬁ [mm2/s] [mm2/s]
FIE5ICERE —#RIZE1E
2 122 121.2 -0.7 %
1 117 109.6 -6.3 %
0.5 116.1 95.1 -18.1 %
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ENEN LR EIZRIFTTE
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NETZSCH

0.75
BERMEEMFEG... ALYy IX
0.70 A
9
£ ° ® v
E065 - a-------------- ¢-———————=—=———-
B ® = e Yo 2
=
by )
0.55 H
0-50 I I I I I I
0 0.5 1 1.5 2 2.5 3 3.5
n_t*‘l' 37‘/ mm
LR EYLERER o
[mm?/s] [mm2/s] "[0/ ;
FIESICEE — 121 °
3 0.660 0.667 1.1%
2 0.646 0.646 0.0%
1 0.665 0.625 -6.0%
0.26 0.661 0.565 -14.5%
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2L ALIBH .. 2L F420mL NETZSCH

o 100 10
2 90 / 9
g 80 {HI 8
% 70 1Y 7 X
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S 60 Y 6 >
c / 2
o 50 111 5 T
$ 40 4 =z
aQ / o)
g 20 / 2
>
ik ;
@)
0.1 1 10 100
‘ AN~ A ¥ e Particle diameter / pm
10kV  X10,000 1pm 17 35 SEI | C—Frequency /%  —— Cumulative percent passing / %
Fig. SEM photograph* (Graphene nanoplatelets + binder) Fig. Particle size distribution of Graphene nanoplatelets*
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* Provided by Shouhan Yanagi (Tokyo Metropolitan Industrial Technology Research Institute)
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NETZSCH
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. L
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c =R B : 2
& 6.0 =R OXME9.51 mivis [ Graphene_NPA-2_0.3mmt
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JZ577ME=(REZ) / Log,,(mg)
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NETZSCH

U EAMELAHLSAMDEEF. HMMmEICERI—MLT

IR detector

4244

Xenon Flash
or
Laser Flash

L || |

N BENIET S
(Pt, Ag, Au etc.100nmEL LB &)
W A5 E A
INVRADEBZEFLS =8

W AR H A5 E A

AENEIDEFEHE ., ABERmMHLDH
D:aE EREH51-0

O £Ea—rARELRE
2 B D E
INVAFKDBRREETELEDHD

LFA457..NdAS5AL—H5—:1060 nm
LFA447,467,467HT... XeS5> 7 : $3200~2000 nm
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CARIEAICEEI— FEBBDLET NETZSCH

B EELRBENTATANSIIE EAS B 0.05ATf < ATm (JIS R1611 2010)

10.00 ﬁ

5.00 1
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-5.00
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\gl
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y, Calcul g
''''''''''''''''''
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Time /ms Tine fins
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NETZSCH
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NETZSCH
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EEMREDMBER T FDEEMH etc.
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B 75 17 OO FAHE B R
S X Sk NETZ5CH
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e
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LFA 457 MicroFlash LFA 467 HyperFlashF
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> BT ILERILEIZ YU -REE TR ALTE
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LFA 457 MicroFlash LFA 467 HyperFashf
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T N 75 T O BT 2 )
S A 5 — sk AT 5]. SIGE TR LPP NETZ5CH

4 T I T 1 1 1 1 1 1 I T I T I 1 1 1 E
Sample: Fiber Reinforced Polymer
| | Thickness: 2.5 mm

Diameter. 12.7 mm 15

L S-D\DN - 4
E u o £
= HnER (BEAR) 4 g
=
;] =
. D
£ 2f RILRE EASE) {3 3
E [=]
: ¢ 8
| sMRER(REICEESME) =
g - _
S (R - EE A ) -
DED | 40 60 20 | 100 | 120 | 140 | 160 | 120 | EEI[EII:I

Temperature | °C
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T A T —EBIEH.. B

v— bk

NETZSCH

7 80 = - T T T T T T T T 1.10
6.5 — . ®
2.8 = l\ v
6.0 — ® /
2.6 — \ ““4{3_‘;:":4 V - 1.05
5.5 = 2.4 — @r_‘l jj— r_J ) —|:|— Through
\ —(.)— In-plane
—(O- Through
50 — 2.2 YL n X/ ';' 'S”'p'a;?e - 1.00
. -W- Specific Heat
¢ 0 (EEI"WJ'I"?) \ R
Sas- E 5
2 % 18 — \0 - 0 95;:5
§ T é 16 / \’ £
E 5 v l g
§3'5 7 3 1.4 - \I ’
' L 0.90
\.
3.0 H 1.2 — O
o4y
25 — 10 4 \Q\ B ‘{3%4 — 0.85
0.8 - 9\9 (EEI’"H E 7.7_|-’-.|)
20 7 v S \\1:}1-\ H&& \9\
- \ \
_@RIEEAR) "
1.5 - | r | | r | r | 0.80
25 50 75 100 125 150 175 200
Temperature °C
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LFA 467 HyperFlashFH
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H A 77 7] 0D B4 e 328 %
in-plane 3% NETZSCH

@ 1 In-planej&

CERDESIZ. RRIUICKYEBORIDER
lIr&meL %9,

2. AHFEOPOETHRIRES =2 L, A
DEHEICAMN>TIEHdEELIT, AHER
MIZHILFRLFET,

3. AHOBEDEELRZHAERKORY v k
ZHELTERHRAL-EEDEELRREE
BMETILE T4y T4V 38T, @AD
BIEEEKRKDET,

KEFEDHMDIEZEICIE, EEHZRDOEILEL
BOT—INRBEICGRYFET,

2 RPOKRHNE, BOBBERHOLTNET,
W HBTREBICEYELTWSERIE. Y3774 FRTL—T
BEREBELTWSZEZRDLTVET,
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H N 77 5] D 25X R B
254D FTA. .. In-plane;i% B i€ 7 1 NETZ5CH

1Ll

O(B.1.7)=A(B.7)R(n,7)

Do E—L$E
n 2 _2 pn?
A(B.7)=1+25(-1)" expl-n’z* 5r) =00 E—L¥BOBEEAHT Bl
Diff )
1 Tt RMEMEOE —AREORITHT RIS
(R(n,7)) = I R(17,7 )67 0 BRI M (F1=2D
217001 0=07 D
77=D—2  RYIRDEBOE —LERIHT B
0
1 2 2
+ L BEAR. s
R(7,7)= jlexp Tty |0(’7_yjdy I, - BEAvELEH
y2o 2T 4t 27
References:

A.B. Donaldson, "Radial conduction effects in the pulse method of measuring thermal diffusivity", J. Appl. Phys., 4226, 43, (1972).
A.B. Donaldson and R.E. Taylor, "Thermal diffusivity measurement by a radial heat flow method", J. Appl. Phys., 4584, 46, (1975).
F.I. Chu, R.E. Taylor, and A.B. Donaldson, "Thermal diffusivity measurements at high temperature by the radial flash method", J.

Appl. Phys., 336, 51, (1980).

TR A EE~ M8 R BLEIE~ | Analyzing & Testing | June 2018 61



ENRPARIRE:S)N E3:ha
In-plane;&BIFEH... € & SH

NETZSCH

80 T - - -
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n-planes BRI 55 77 4 ko— b NETZ5CH
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vV BRERHALOLUTDYUTIL
V JAIVLIGEE . DLEXLTILTENTEYELAE LGNSV TIL
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TE PR 75 [ O B 41k Bl 3 1 72 NETZSCH

1 In-plane, slitix (Baba-Thermitus model)

PyroceramL N )JLE THRIERIBELL A&
m R AR OE A4 E8IE o 68
In-plane &Y EE R TODBRIEH A EE
ARBEH - Ry MEDZELEE

ANANE NN

<HEBRILT—CLELLDEBROYLTIL>

’Cu b.;x 1

/ﬁfﬁlﬁfﬁ /
¥y ¥
| 1

T. Baba et. al., proc. 38" Jpn. Symp. Themophys. prop., Tsukuba (2017), C142.
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N A R O ZYLEERAITE In-plane slit i% NETZSCH
Baba-Thermitus €7 JL ({x)

1RTETIL (Dr. Tetsuya. Baba, Takahiro. Baba)

B RE2dOEAMOMmInZMEL ., FILER (x=0)Z LS DM
RS P 22V i O
T(d,i)—b\/; Lz;{exp( o ]] exp[ TJ
B KRE2dDGEHO L Mox=thDEZMZAL ., FLE (x=0)ZAimLiz=LE D
(x4 = h/d)

) x? (2n-x,) @) || o
vl i 2 228 £

FRRIZEAAFRMER)YMEZZEEL-ET /L (Dr. Thermitus)

TR A EE~ M8 R BLEIE~ | Analyzing & Testing | June 2018 66



Slit %  in-plane (slit) LFA 467 (Proteus LFA analysis ) NETZSCH

m Coming soon!

/i Measurement Definition

® Furnace

o , o
Liquid metals
(sapphire-S) Fibers (Al203)
round/11.0mm round/12.5mm

In-plane (slit)

'R

Lamirtdte Liquids (Waxes) Pressure
roundfi2g mm round/14.2mm

In-plane (Inward
Liquids (PEEK) - Heat Flow) In-plane
round/15.0mm gol/2Amm round/25.4mm (Outward Heat
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Slit % in-plane (slit) LFA 467 (Proteus LFA analysis ) NETZSCH

m Coming soon!

In-plane (slit) square/25.4mm

Default 52 [13.000
test 5 |9.000
W1: |2.000

Wl I I A\ 4 4

In-plane (HT,slit) square/8.0mm

Default S2: | 7.000 82

S [5,000 |

W1 |1.000

B NARAZ LT AT EE
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Slit i BITEHEE (Cu&Ni) LFA467 NETZSCH

S / m 118.2 £0.2 mm”2/s

m Slit ;X(2&ACu(25mm x 25mm X 0.2mmt) D5 FE fE FEph 2

m 122.1 £0.8 mm”2/s

m Slit j%12&ACu(25mm X 25mm X 0.5mmt) D& EE B FErh i

s
35
3
g M
3
2 2
H
o 15
g
1

B 22.4 0.1 mm”™2/s

A B
T,

mmmmmmm

m Slit X2 &ANi(25mm x 25mm X 0.2mmt) ;8 FE FE FEah #7
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Slit ;% BIFE#EE (Cu) LFA467 NETZSCH

130.0
125.0 0.2mm @0.3mm ®0.4mm @0.5mm @ lit. value
®
120.0 ¢
L | T
v il
NE 115.0
E 110.0 } O 1
eed
i
.g( 105.0
Hm
g 100.0
>
A< 95.0
90.0
85.0
80.0
0 50 100 150 200 250 300 350

mE[°C]

Slit j%12&%Cu(0.2mm ~ 0.5mmt) D EILER R DB EKFMHE

=g
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In-plane Slit % LFA 467 HT NETZSCH

m HkH 4 X8x9mm
mEH& 0.3mm LI

@360?1%}
S Mo

HnE R EE - E R B EE~ | Analyzing & Testing | June 2018 71




Slit ;% BIEFEER(NI) LFA467 HT NETZSCH

10 —
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2 — LinearSlot
24 : ™
EE JHEIRN
g 4
@
22 O measured 2 ]
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18 62% _;-2400 200 0 200 400 600 800
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a — LingarSlot

@
o
12 6 oy
3

[ 1™

Thermal Diffusivity [mm?/s]

M,
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10

0 2000 400 600 800 1000 2 I

0

Temperature [°C]

-2

B NiDORLEEDEEXRFE(@mAAR) L
m RE EFA#EE(T=700°C)
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NETZSCH
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Proteus® LFA Analysis D€ T Il

NETZSCH

AZDIE + BXXDE
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AZDE+BXXIE 2 ROOEMIER
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4B R IOE il NETZSCH

AR EDHIERIE

--------------------------------------------------------------

/ 2EBAMDEIERDRMLAREZINET 5HEZTEAD
Wi s B BMSUSE
— d :0.075 mm d :1.000 mm
L= Cp : 1.2 J/(g- K) Cp : 0.48 J/(g-K)
SUS310 p :1.3 g/cm3 p :7.9 g/cm3
a :?mmés a :3.4mm?s

(F#8a...0.15 mm?/s)
1. EYUTIVDEHAEMEEEZTHEET D

2. BEBOBER -BLUN—TF1LEKRDD

3. REOBEH -N—DJ3(LDFERERDD
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o W N

-
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NETZSCH
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Time /s

Unknown Layer: Iron (21.9 mm?/s)
Temperature: Room temperature

2-Layer Analysis without Contact Resistance
Thermal Diffusivity (Iron): 3.910 mm?/s

Unknown Layer: Iron (21.9 mm?/s)
Temperature: Room temperature

2-Layer Analysis with Contact Resistance
Thermal Diffusivity (Iron): 21.648 mm?/s
Contact Resistance: 0.249*10% (m2K)/W
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NETZSCH
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(M) VE P ETEIN AR NETZSCH
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2. ARy FEDZEL NETZSCH
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UERLGBE DULEDEENELET , XLFA44T NanoFlashD) #H 22 E
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3.8 & FRHVMRIR L ZR D EREE.. LFA44T DA 2

NETZSCH

a. BB ESHEAN T, FNERESFEHABOEERE@EDIEEEAHA0.5 mm
IMEMNELFET, XLFA447 NanoFlashd) H

UILEGDHE. 3L ED

Table 1. The effect of difference of thickness to Cp Measurement

(POCO Graphite AXM 5Q)

B2 48
/=

e B

Thickness Cp /IRef.
[mm] [J/gK] [%]
1 1.003 0.63=x=0.01 -10.5
2 1.003 0.64=+0.01 -9.1
3 1.648 0.67=%=0.01 -4.8
1 4 1.648 0.68=*0.01 -3.4
0.704
) 2004 (Ref.) —

Density:1.74 g/cm3, ¢ 12.7 mm, Orifice size ¢ 9.8 mm
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4. BABRDE -2 NETZSCH

b. ZEMHDEGE
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5. (1B D82 NETZSCH

2. I5UL ARBERIMEREBOMBERIE. MERBESERBL TR
RLTHIHIIEEYEE A
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6. REEEDFEN NETZSCH
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TN LRI RILE—DREMN NETZSCH
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8. WD E L1 NETZSCH

Table. ZHEEH ) X+

By | mE | kmsE | amms | TEONS
[mm] | [g/cm3] [J/gK] [mm?2/s]
[ms]
Pyrex 7740 1.988 2.23 0.761 0.661=+x=0.006 830
Pyroceram 9606 1.987 2.61 0.800 1.95+0.02 281
Alumina 99.8% 1.988 3.93 0.775 10.3x0.1 93
Molybdenum
+
SRM781 1.996 10.22 0.249 56.0+0.3 10
POCO Graphite
_I_
AXM 5Q 1.990 1.77 0.709 79.0+04 7
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8. WD E (V-2 NETZSCH

Table. FESHRAMOMEAESHEICLH AR ED M [ HE AL J/egK]

Reference Sample Pyrex Pyroceram Alumina Molybdenum Graphite
Pyrex ) 0.82 0.82 0.262 0.73
Pyroceram 0.75 ) 0.81 0.257 0.71
Alumina 0.72 0.77 ) 0.247 0.68
Molybdenum 0.72 0.77 0.78 . 0.69
Graphite 0.75 0.80 0.81 0.256
Reference Sample Pyrex Pyroceram Alumina Molybdenum Graphite
Pyrex 2.5% 2.8% 9.2% 3.0%
Pyroceram -1.4% 4.5% 3.2% 0.1%
Alumina —5.4% —-3.8% —0.8% —4.1%
Molybdenum -5.4% -3.8% 0.6% -2.7%
Graphite —1.4% 0.0% 4.5% 2.8%
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NETZSCH
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EHo-MIKROFHBDBIES NETZSCH

S T N N R R R R R R RN RN RN RN RN SN R R R R RN RN RN RN S S R R R R R R R R M R R

1 )
 EEOMBIRILA—ICASEL
 BH- TGO ? ;

HnE R EE - E R B EE~ | Analyzing & Testing | June 2018 104



EHo-MIKROFHBDBIES NETZSCH
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NETZSCH
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NETZSCH

o N

—————————————————————————————————————————————————————————————————————

- Isotropic Graphite (NMIJ CRM 5804 b)

- AI203-TiC Ceramics (NMIJ CRM 5807a)
- Isotropic Graphite (NMIJ RM 1401a)

- Alumina (TD-AL) :JFCC
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INLAIRIILE—FBADIMEE : LFALET HT NETZSCH
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Thermal diffusivity / mm?/s
=
o
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LFA 467 HyperFlashDi§&

NETZSCH

260V thickness 0.25mm
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NETZSCH

107 T —3 4 :

NETZSCH Thermokinetics software Z L \{-
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DSC Measurement results:
Curing of Epoxy resin at constant heating rates NETZ5CH

DSC /(mW/mg)
[1.1]
0.5

[8.1)

| exo
0.0 1

-0.5 1

-1.0

-3.5 1

&0 80 100 120 140 160 180 200
o - L Temperature /°C
Main 20181002 13:22 User. Yochio. Shinoda
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NETZSCH Thermokinetics: Reaction Models NETZSCH

Simple reaction A >

(1)

Consecutive R., f

o > » C Competitive R., ¢

o
Parallel R., p

A » B

Processes with up to 6 st(e7p65) - > 5 Reversible R., r

Complex reactions

oOr

\A4

oW
|

A » B A—>»B » C
c .0 [ =
A B A——  pBA—  pC
D > E
c A =

D
A*::B%C
A B D—— »E
B >C A | > B
A >R > C
D
cC———  »p—»E l—|::E

C—— »D— PE— PF—BGC
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NETZSCH Thermokinetics:
Friedman Analysis NETZSCH

log dx/dt
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NETZSCH Thermokinetics: Multi scan analysis

Find kinetic model which fits to all data “simultaneously”

NETZSCH

«— exo
Heat flow rate / mW/mg

0.5
0.0 @ _—
-0.5
-1.0 A—1—-B—2—C
-1.5
Parameter Optimum Val.
-2.0 logAl/s™-1 7.76
E1kJ/mol 81.72
-2.5 logKcat 1 1.56
logA2/s™-1 2.77
-3.0 E2kJ/mol 33.68
React.ord. 2 1.31
-3.5 Foll React. 1 -0.11
Areal/(J/g) -268.80
-4.0 Area2/(J/g) -288.36
Area3/(J/g) -328.35
-4.5 Area4/(3/q) -318.17
-5.0
40 60 80 100 120 140 160
Temperature / °C
O 20 K/min O 10 K/min O 5 K/min O 2 K/min

200

=g
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Temperature / °C

NETZSCH Thermokinetics:
Prediction of temperature program for constant curing rate NETZ5(H

?28 _ 1 gg Time Teomp. Heating rate  Conversion
160 + -80 min C K/min %
140 +R-70 0 30 — 0
~ 6 105 12.5 0
129 1§ 90 10 85 5.0 4
100 18- 50 50 95 0.3 44
28 _:é':g 80 110 0.5 74
S .
40 + - 20 —Curin.g rate 19022 14218 gg gg
20 - -10 —Heating rate 104 160 100 08 5
o~ 0 | | | - 105 200 40.0 100

0 10 20 30 40 50 60 70 80 90 100110
Time/ min
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Sample information for LFA measurement NEIZS[H
(same sample for DSC measurement)

Sample Thickness QPaverage Weight Change of thickness
(curing condition) [mm] [mm] [mg] Peal. (after LFA test %)

2 K/min 1.188 6.23 52.030 1.44 0.45

5 K/min 1.138 6.25 48.331 1.38 0.90

10 K/min 1.295 6.17 52.550 1.36 2.22

20 K/min 1.249 6.19 53.543 142 2.93

1%/min 1.271 6.05 51.209 1.40 -0.88
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Evaluation of thermal diffusivity by LFA NETZSCH
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O Epoxy resin: heating rate 2 K/min 0O Epoxy resin: heating rate 5 K/min
O Epoxy resin: heating rate 10 K/min © Epoxy resin: heating rate 20 K/min
<O Epoxy resin: curig rate 1%
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NETZSCH

11. NETZSCH DIL 402 Expedis IZ & %
= e EEAE AR A E

TR A EE~ M8 R BLEIE~ | Analyzing & Testing | June 2018 122



-
-

fE ZA%5R 5T DILA02 Expedis NETZ5CH

i}
I

DR E&iF: —150°C~2800 °C

QYT ILHFAX :®19mm, 52mm (FxK)
QREBEIRM 1 X 10sorders

@DEx/NfBEEE: 0.1nm

®ZE AR FEEF: +25000um

G®HRIEFER: FEEHAR, Ex, BbiE, BE, BEZE
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SiICD &R (2,400°C) 286 1T AR A5E

NETZSCH

Force /N
dL/Lo /%
1 2 ° 1.0
. Value: 2409.0 °C, 1.21 %
1.0 0.8
0.81 Tref:20.0°C
0.6
0.6
Sample holder: graphite 0.4
0.4 Temperature range: RT to 2410°C i
Value: 20.0 °C, -0.00 % Heating rate: 10 K/min
0.2 ' Atmosphere: He, 50 ml/min
C Calibration sandard: graphite 0.2
Sample length: 18.98
0.0
0.0
500 1000 1500 2000
Additonal 2 2017-06-28 1445  User Markus Meyer Temperature /oc

m. CTE *106 /K-
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BIEH: sio2{ER(-150°C) ITHE THBE B

NETZSCH

dL/Lo *103 /% m. CTE *10% /K-
20
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BIER: AE

B TH5EHRMEHERSR

NETZSCH
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Thank you for your attention! NETZSCH
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